where a and /? are the real and imaginary parts of y. The magnitude and phase of r in (6) cti' be approximated by
and
The last term in (7) shows that the magnitude of r is affected by the normalized resistance r but not by the normalized admittance y. Similarly, the phase of r is affected by y but not by r. If the line length 1 is a number of wavelengths, the r and Iy I terms in (7) and (8) to a gold-plated 7-mm line. Equations (7) and (8) in which case the ANA error tends to cancel out since measurement data differences are used in calculating the envelope widths in Fig, 2 (a) and (b).
IV. MEASUREMENTS
In order to create a single joint J1 and avoid the complication of including J2 in the measurement (see Fig. l 
since it is assumed to vary as the square root of the frequency.
When (9)isfit tothedata in the figure, c1 is found to be 0.012 per square root frequency. included to suppress the steep negative ramp (corresponding to the first two terms in (8)) characteristic of such data, enabling the oscillations to be more easily discerned. Equation (2) implies that Iy I Cm be expressed in the form lYl=c2f (lo) Applying (10) and the fact that the envelope separation is given by 41yl (Fig. 2b) to the data in Fig. 3(b) results in a Cz of 0.00074 rad/GHz.
The scattering parameters of the joint may now be calculated from Cl, C2, and (3) and (4): S1l = S22 = 0.017f1/2/2 -jO.00074f (11) and S21 = S12 = 1-0.017f1/2/2 -jO.00074f.
The corresponding lumped circuit parameters of Fig. l (b) maybe determined through (1) and (2), if desired.
V. DISCUSSION
The measurement technique is still in its formative stages and the description just presented glosses over a number of finer points that require comment,
The first comment concerns how to combine the other defects within a connector pair to obtain a complete description of the pair as a microwave junction, and how to measure these other defects. In the present context, a joint is defined as a discontinuity whose longitudinal extension is small compared to a wavelength. J1 through J3 in Fig. l(a) are examples, where J1 is the joint considered in the previous sections, and J2 and J3 are at the center conductor bead supports. The joints are far enough apart so that no sizeable overlapping between the higher order mode fields generated by these defects takes place. Thus, reflections from these joints may be combined by using standard transmission-line equations [4] to obtain the complete scattering description of the connector pair.
The procedure described in the previous sections is concerned with the measurement of joint J1 in Fig. l(a) (16) where a and b are positive reaf numbers. By repeating the steps leading to (7) and (8), it is possible to show that
1171is the same as in (7) and shows that the joint loss can be Fig. 3(a) shows that the envelope opens up at a rate that is linear in the frequency, implying that the insertion loss of the connector joint os This is contr~to what 's J1 increases more rapidly than j" .
generally thought. A number of other experiments show patterns where the loss of J1 varies from the square root of the frequency to a rate as high as~28, and even more pathological behaviors. It is the opinion of the author that this anomalous behavior is real, and that it is due to interactions taking place inside the center conductor joint J1 when the center conductors do not mate squarely.
More will be said concerning this phenomenon in a subsequent paper.
Figs. 2(b) and 3(b) are in good agreement with the theoretical rate of separation of their respective envelopes.
VI. CONCLUSIONS
A simple technique has been presented that will aid investiga- When the TEM mode fields are inserted into the equations appearing in the figure, the capacitive reactance (c') turns out to be at least five orders of magnitude larger than the inductive reactance. Therefore, the capacitance in Fig. 4(b) can be discarded, leading to the equivalent circuit in Fig. 4(c) . The inductance is expressed in nH, where~is in GHz and Al is in cm. The reflection coefficient S1l corresponding to this discontinuity is also shown in the figure. S1l is 0.012 for a maximum frequency and gap width of 18 GHz and 0.018 cm (0.007 in), respectively.
Technique
The standing wave set up on the line by the open circuit has the effect of alternately turning the resistance and the capacitors in Fig. l(b) on and off as the frequency is varied. When the frequency is such that cos(2/31 +~) is equal to +1, the total electric field E, at the gap (Fig. 5(a) ) is twice the incident field E,, and the magnetic field vanishes. The gap is so narrow that no higher order modes penetrate it to reach the bottom of the gap, but their presence in the vicinity of the gap causes the fringing field shown in Fig. l(b) and results in the discontinuity capacitances (last term in (8)). There is no current to penetrate the gap, so the gap resistance causes no voltage drop and goes unnoticed.
When the frequency is such that cos (2/31++) is equal to -1, the total magnetic field is twice the incident field, and the electric field vanishes (Fig. 5(b) ). Now there are no electric field lines at all and the discontinuity capacitances are unexcited. However, the circulating magnetic field HT (Fig. 5(c) ) causes a current that samples the gap resistance r (last term in (7)). The current encounters the two contact resistances at the bottom of the gap that represent the metal-to-metal contacts in the actuaf connector joint. Current flowing across these contacts causes a significant loss, which is reflected in the normalized resistance r. The distributed or skin loss on the sides of the gap can also be included in r, although it is not significant compared to the contact loss.
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